A B S T R A C T The clearance of 125I-thrombin and diisopropylphosphoryl-'251-thrombin (DIP-thrombin) from the circulation in rabbits was studied. When given either intraarterially or intravenously, DIP-thrombin, which is active-site blocked, was -90% cleared from the circulation by 1 min, the time of earliest sampling, indicating a large first-pass effect. DIP-thrombin given intravenously is found predominantly in the lungs, whereas DIP-thrombin injected into the aortic arch is distributed diffusely in approximate proportion to the blood supply. Renal artery, femoral artery, ear artery, left atrium, and portal vein infusions demonstrate that kidney, muscle, ear, heart, and liver, respectively, can remove DIP-thrombin from the circulation. These data imply that the clearance of DIP-thrombin is not a function of a specific organ but of the vascular bed per se. The clearance of DIP-thrombin was reversible since injection of 0.5 mg of unlabeled DIP-thrombin 10 min after the injection of a tracer dose of DIP-'251-thrombin resulted in the rapid reappearance ofthe DIP-'25I-thrombin into the circulation. In addition, the clearance of DIP-thrombin was saturable, i.e., clearance of DIP-1251-thrombin was inhibited by unlabeled DIP-thrombin in a dose-dependent fashion. In vivo Scatchard analysis of the saturation of the clearance process demonstrated that DIP-thrombin can be removed by binding to highaffinity binding sites, since dissociation constants (KD) of 10 and 13 nM were obtained for human and bovine DIP-thrombin, respectively.
tivity associated with active thrombin remained in the circulation at 1 min. By 10 min 55% of 125I-thrombin had been removed from the circulation, and essentially all ofthe radioactivity can be accounted for in the liver. Sodium dodecyl sulfate-polyacrylamide gel radioelectrophoresis of plasma samples taken after injection of '25I-thrombin demonstrated that all ofthe active thrombin was converted to covalent thrombin-antithrombin III complex by the time of initial sampling (30 s). The in vitro conversion of 125I-thrombin to thrombin-antithrombin III complex was considerably slower (50+5% conversion at 30 s). The simultaneous injection of excess unlabeled DIP-thrombin inhibited the rate of formation of '25I-thrombin-antithrombin III complex formation in vivo (but not in vitro), which suggests that the binding of active thrombin to the high affinity binding sites is required for the rapid inactivation ofthrombin in vivo.
We propose that (a) thrombin in the circulation binds to active site-independent high-affinity binding sites on the endothelial cell surface; (b) the inactivation of thrombin by antithrombin III is faster in vivo than in vitro because the high-affinity binding sites, present in a high concentration in the microcirculation, catalyze the reaction; (c) thrombin-antithrombin III complexes are selectively removed by the liver. INTRODUCTION Thrombin has been shown to bind cultured human umbilical vein endothelium rapidly, reversibly, and with high affinity (1) . This binding is active-site independent, i.e., diisopropylphosphoryl (DIP) thrombin' binds to endothelitum in a manner indistinguishable from active thrombin.
In this paper we have studied the clearance of radiolal)eled thrombin and DIP-thrombin from the circulation to test the hypothesis that the binding sites on endothelium play a role in the inactivation of circulating thrombin. We show that DIP-thrombin, which does not react with plasma substrates such as antithrombin III and fibrinogen, is cleared from the circulation by a high-affinity, reversible process. The clearance of active thrombin is more complex. We provide evidence that binding of active thrombin to endothelium in the microcirculation catalyzes the inactivation of thrombin by antithrombin III.
METHODS
Materials. Essentially flatty acid-free bovine serum albumin, Hepes, benzamidine, sulfopropyl-and QAE-Sephadex, and p-mercaptoethanol were purchased from Sigma Chemical Co., St. Louis, Mo. Diisopropylfluorophosphate (DFP) was purchased from Aldrich Chemical Co., Inc., Milwaukee, Wise., and was diluted to 1 M in dimethylformamide before use. Lactoperoxidase was purchased from Calbiochem-Behring Corp., American Hoechst Corp., San Diego, Calif. National Institutes of Health stanidard thrombin was obtained from the Bureau of Biologics, Food and Drug Administration. Sodium dodecyl sulfate was purchased from BDH Chemicals, Ltd., Poole Thrombinz preparations. Rabbit, human, and bovine thrombins and human antithrombin III were prepared and assayed as described (2) . All were essentially homogeneous as judged by sodium dodecyl sulfate polyacrylamide gel electrophoresis. The specific activities ofbovine and human thrombins ranged from 2,400 to 2,600 and 2,700 to 3,500 U/mg, respectively, based on an extinction coefficient (E I%) of 19.5 for both preparations (3). For some experiments, thrombin was inactivated at pH 7.5 with 1 mM DFP. An extinction coefficient of 5.7 (E2m) was used for antithrombin III (4) .
Radioiodination of thrombin. Human and rabbit thrombins were labeled with 1251 by the lactoperoxidase method of Thorell and Johanssen (5) as described, with the exception that the iodination was carried out in chloride-free buffers. The resulting product showed no loss of clotting activity for at least 1 wk when stored at 4°C. The incorporation of 1251 was determined by two independent methods: (a) product specific activity method; the ratio of disintegrations per minute to clotting activity of the dialyzed 125I-thrombin preparation was determined and converted to moles 1251 per mole thrombin by using the specific activity of 125I-Na and specific clotting activity of the thrombin preparation (units per milligram). (b) Product precipitability method; the amount of 125I incorporated per microgram of protein was determined by determining the disintegrations per minute of sulfosalicylic acid precipitability in the original reaction mixture and dividing by total micrograms of protein labeled. The Determinnationi of organ distribtution of radioactivity. At the indicated times after injection of radiolabeled thrombin, the animal was killed with sodiuim pentobarbital and tissue samples were taken for determination of radioactivity. Small organs, such as brain, heart, and kidney, were counted in toto. Lung radioactivity was determined by taking a sample slice of known weight and multiplying by the organ weight to get total organ radioactivity. Liver radioactivity was determined bv the samile means as lung radioactivity except for experiments involving portal vein infiisions. In these experiments the portal vein was infuised with a tracer dose of DIP-125I-thrombin over a 30-s interval. 90 s later the animal was killed, the liver was rapidly removed and homogenized in a Waring Blender (Waring Products Div., Hartford, Conn.) containing Hanks' balanced salt solution. The total organ radioactivity was calculated by using the homogenate volume and the radioactivity of 1-ml samples. Selective infusions of the ear and kidney were performed by infusing 0.2 cm3 of a tracer dose of DIP-1251-thrombin into an ear artery or renal artery with a 30-gauge needle, followed by removal of the needle. In some experiments the left femoral artery was cannulated with a 20-gauge needle and DIP-1251-thrombin given over a 1-min period. 2 min later the rabbit was killed and a leg muscle sample was taken. The fraction of radioactivity going to the heart wvas increased by opening the rabbit's chest, cannulating the left atrium with a 22-gauge needle and infusing 1251-DIP-thrombin over 30 s. 90 s later the animal was killed and the distribution of radioactivity was determined.
Sodium dodecyl sulfate-polyacrylamide gel radioelectrophoresis (SDS-PAGRE) of rabbit plasma conitainirng 25I-thrombin. In some experiments 0.1 ml of whole blood was withdrawn from the carotid artery cannula and added to 0. cpm of 131I-albumin. Samples (1 ml) were taken from the carotid artery and the percent of injected dose remaining in the circulation was determined as described in Methods.
ml of 3.2% sodium citrate and 10 mM benzamidine to inhibit the thrombin-antithrombin III reaction. The samples were centrifuged immediately for 15 s at 8,000 g in a Fisher model 59 high speed microcentrifuge (Fisher Scientific Co., Pittsburgh, Pa.). The diluted plasma supemates (0.9 ml) were added to 0.1 ml 10% SDS and 14 mM f3-merceptoethanol and heated in a 100°C water bath for 2 min. A 0.1-ml sample was then run on a 10% SDS polyacrylamide gel at 4 mA/tube according to the method ofLaemmli (7) . The amount ofplasma protein loaded on the gel was -700 jig. The gels were sliced at 2-mm intervals and radioactivity was determined.
Analysis of radioactivity in liver by SDS-PAGRE was performed by homogenizing a 1-g liver slice in a Dounce homogenizer (Kontes Co., Vineland, N. J.) in 3.2% citrate-10 mM benzamidine, centrifuging at 8,000 g for 5 min, and heating the supernate in 1% SDS, 14 mM f3-mercaptoethanol in a boiling water bath for 2 min. The sample was recentrifuged to remove debris and 25 ,ul of the supernate was analyzed by electrophoresis. Induction of thrombocytopenia in rabbits. Rabbits were given 900 rad of total body irradiation over 20 min. Platelet counts were determined manually by phase microscopy. A decline in platelet count was observed on the 4th d. The experiment was performed on the 8th d. The platelet counts were 40,000+30,000 per mm3 in the five rabbits. The platelet count in eight normal controls was 320,000+50,000/mm3. Values refer to mean +-SD.
RESULTS
Clearance of DIP-thrombin from the circulation. When rabbits were injected with DIP-125I-thrombin, either intravenously or intraarterially, -90% of the radioactivity was removed from the circulation by the time of the first sample (Fig. 1) . The radioactivity remaining in the circulation appeared to be due to native DIP-125j-thrombin since (a) >95% of the radioactivity was precipitable by 10% sulfosalicylic acid at all times and (b) SDS-PAGRE of plasma samples taken 10 min after injection demonstrated 90% of the radioactivity in the peak migrating with the a-thrombin standard (Fig. 2) . The small peak at slice 13 represents ,f-thrombin that was present in the sample before injection. All of the sample radioactivity was recovered in the gel. The clearance of rabbit DIP-'25I-thrombin was identical to that of the human DIP-1251-thrombin (data not shown).
The distribution of DIP-125I-thrombin was determined by taking tissue samples immediately after the animals were killed. When given intravenously, 73% of the DIP-thrombin was present in the lung (the first vascular bed it reached) at 10 min (Table I) . When serial biopsies ofthe lung were taken, or when a gamma detector was placed over the thorax, the radioactivity in the lung slowly declined (tl/2 40 min), indicating redistribution of the DIP-thrombin. When DIP-thrombin was given intraarterially (caudad into the left carotid artery so that the solution was injected into the arch of the aorta) the radioactivity was distributed diffusely in rough proportion to the blood supply (Table  I) . Most of the radioactivity could not be accounted for in the major. organs; a large amount was in muscle, skin, and intestine, and was difficult to quantitate.
When 1251-DIP-thrombin and 31I-albumin were injected into the left renal artery and the animal killed after 4 miil, 72% of the 125I remained in the kidney, whereas only 4.1% ofthe '31I-albumin remained (Table  II) . When the ear artery was injected, 25% of the 1251 was found in the ear as opposed to 2.8% ofthe 131L-albu- I Mean±SE, n = 3 rabbits for active and DIP-thrombin injections.
min. The remainder ofthe 125I was found predominantly in the lung (Table II) . Similarly, infusions of 125I-DIPthrombin into the hepatic portal vein, and left atrium resulted in the selective accumulation of 125I-DIPthrombin over the 13I-albumin control in liver and heart (Table II) . When DIP-125I-thrombin was injected into the femoral artery and a leg muscle sample was taken, the percent 125I injected/percent 131I injected was 11±5 (mean±SD ofthree experiments). Thus the clearance of DIP-thrombin is not organ specific but rather a function of the vascular bed itself. Clearance ofactive thrombin. The initial clearance ofradioactivity associated with active thrombin is much less than that of DIP-thrombin (Fig. 1) . At 1 min, 75% of the radioactivity is still present in the circulation, and after 10 min -45% remains. The radioactivity present was almost entirely in a high molecular weight complex (Fig. 2) . This high molecular weight complex is probably thrombin-antithrombin III complex since the complex (a) forms in vitro at a much faster rate in the presence of heparin; (b) comigrates on SDSpolyacrylamide gels with purified thrombin-human antithrombin III complex; (c) is apparently covalent since it is resistant to cleavage in hot SDS-/3-mercaptoethanol; (d) is active site specific, i.e., does not occur with DIP-thrombin. The small amount of radioactivity remaining in the thrombin region probably represents inactive thrombin, since heparinized plasma could convert only 90% of the thrombin into complex.
Analysis of the organ distribution ofthe radioactivity revealed that nearly all ofthe active thrombin removed from the blood was found in the liver (Table I) , and all of the radioactivity was present in the form of high molecular weight complex.
When 125I-thrombin was added to heparinized autologous plasma and then injected the clearance curve was similar to that ofthe active thrombin injection (Fig.  1) . Autopsy data also revealed that nearly all of the radioactivity which was cleared was present in the liver. These data indicate that thrombin-antithrombin III complex formation is rapid in vivo and that the complex is removed by the liver. The kinetics of formation of the complex are considered in further detail below.
Evidence that DIP-thrombin is cleared by high-affinity binding sites on the endothelial cell surface. The clearance of DIP-thrombin from the circulation is a reversible process. When a tracer dose of DIP-1251-thrombin is followed by a large dose ofunlabeled DIPthrombin, there is a rapid return into the circulation of -30% of the radioactivity, and the unlabeled DIPthrombin could be given 10 min after the injection of DIP-125j-thrombin and still result in the return of an identical amount of DIP-_251-thrombin (Fig. 3) . We explain the observation that <100% of the radioactivity returns to the circulation with a two-site binding model (see below), which, with the data in Fig. 4 , predicts the amount of radioactivity returning to the circulation. The radioactivity that had returned to the circulation was analyzed by SDS-PAGRE. Greater than 90% of the radioactivity associated with the 2-min and 10-min dissociation experiments was present in a peak migrating in the region of a-thrombin. In addition, 100% of the radioactivity applied to the gel could be accounted for, indicating no degradation of the protein. This suggests that for at least 10 min, circulating DIP-thrombin remains in an undisturbed equilibrium with a reversible pool of bound DIP-thrombin.
The clearance of DIP-thrombin is saturable because increasing amounts of unlabeled DIP-thrombin inhibit the clearance of tracer doses of DIP_l25I-thrombin (Fig.  4A) . Because of the reversibility and saturability of this process we propose a simple pharmacokinetic model for the clearance of DIP-thrombin. In this model DIP-thrombin present in the circulation (compartment 1) is in reversible equilibrium with binding sites on endothelium (compartment 2) and compartment 2 is saturable. The constants ki and k2 represent the association and dissociation rate constants, respectively. In addition, DIP-thrombin is eliminated from the circulation by a process that is slow relative to k, and k2. DIP-thrombin + binding sites (compartment 1) (compartment 2) k,i t k2 DIP-thrombin (compartment 2) ke elimination, which is equivalent to the expression for a reversible bimolecular interaction. By using this model, the amount of thrombin bound at equilibrium (i.e., cleared from the circulation) can be determined by extrapolating the clearance curves back to zero time, when no elimination has occurred. The data in Fig. 4A are then plotted according to the method ofScatchard (9) (Fig. 4B) .
This results in a curvilinear plot. We propose that two classes of binding sites exist, one with high affinity and low capacity, the other with low affinity and high capacity. 10 and 65 nM, respectively (data not shown) (Appendix). In this same experiment with human unlabeled DIP-thrombin, the effect of platelets on the clearance of DIP-thrombin was investigated, since platelets possess high-affinity binding sites for thrombin (11, 12) . Rabbits were made thrombocytopenic by total body irradiation (Methods). There was little difference between the clearance curves of DIP-thrombin of normal rabbits and rabbits with an eightfold reduction of platelet count (data not shown) implying that platelets do not play an important role in this system.
The in vivo inactivation of thrombin. The timecourse of the in vivo inactivation of 125I-thrombin was followed by SDS-PAGRE as described in Methods and Fig. 2 , and was compared to the inactivation of thrombin in whole blood in a siliconized tube. Fig. 5 (closed circles) demonstrates that -90% of the radioactivity is found in a high molecular weight complex at the time of initial sampling during the in vivo analysis. This represents the maximum amount of thrombin that is convertible to high molecular weight complex (Fig.  2) ; on the other hand, the in vitro inactivation ofthrombin is slower (Fig. 5, open circles) and proceeds steadily over the time-course of the experiment. The amount of thrombin generated in the siliconized tube is much too small to compete for radio-labeled thrombin during . 0 30 60 90 120 Seconds FIGURE 5 Time-course analysis of inactivation of 1251-thrombin. In vitro analysis. 5 ml of blood was drawn into a siliconized glass tube, 0.03 U. S. U of 125I-thrombin were added and the solution quickly mixed. 1 ml of the blood was transferred to a tube containing 100 X of 1 U/ml heparin. The tubes were incubated for the indicated times at 37°C and then 0.1 ml was added to 0.9 ml 3.2% citrate, 10 mM benzamidine and processed for SDS-PAGRE as described in Fig. 2 . The whole blood clotting time was greater than 5 min in all experiments. In vivo analysis. Rabbits were injected as in Fig.  2 . In both in vivo and in vitro analyses, radioactivity was present in two peaks corresponding to thrombin and thrombin-antithrombin III complex. The radioactivity present in the two peaks was summed, and percent thrombin remaining was calculated as the percentage of total radioactivity remaining in the peak corresponding to thrombin. In some cases, 2 mg of DIP-thrombin was injected or 70 ,ug of DIP-thrombin was added to 5 ml in vitro along with the '25I-thrombin ( the time-course of the reaction (13) . The recovery of radioactivity from the gels was quantitative (100+5%, n = 8); therefore, all ofthe radioactivity in whole blood could be accounted for in the two peaks.
The in vivo inactivation rate ofthrombin was inhibited by the simultaneous injection of 2 mg of unlabeled DIP-thrombin (Fig. 5, closed squares) . At 30 s, there is a statistically significant increase in the amount of free thrombin remaining (P < 0.05, one-tailed t test). By 60 s this difference has disappeared. This amount of DIP-thrombin is enough to saturate the high-affinity binding sites 95% without significantly occupying the low-affinity sites (Fig. 4B) . A similar amount of DIPthrombin had no effect on the in vitro inactivation of thrombin (Fig. 5, open squares) . These findings suggest that the initial binding ofthrombin to the high-affinity, active site-independent sites on endothelium may be responsible for the difference in the in vivo and in vitro inactivation of thrombin by catalyzing the thrombinantithrombin III reaction.
DISCUSSION
The stimulus for the experiments described in this paper came from the observation that thrombin binds with high affinity to cultured human endothelial cells. We reasoned that the concentration of binding sites would be much higher in the microcirculation than in vitro (given the same number of binding sites per cell) because of the much larger surface to volume ratio in the microcirculation compared to tissue culture dishes. The high concentration of binding sites might then be able to remove thrombin effectively from the circulation.
We found that DIP-thrombin, which can not interact with plasma substrates such as antithrombin III and fibrinogen, is, in fact, -90% cleared in its first pass through the circulation. Because the kinetics of DIPthrombin clearance are not complicated by interactions with known plasma substrates, we studied its clearance kinetics to determine whether high-affinity binding sites could be demonstrated in vivo and whether clearance is a function of the vascular bed per se.
The clearance of DIP-thrombin appears to be solely the function of the vascular bed since it is not specific for any organ. Thus, lung, liver, heart, kidney, ear, and muscle remove DIP-thrombin from the circulation (Table II and related results). The organ nonspecificity and the rapidity with which DIP-thrombin is both cleared and "chased" back into the circulation by unlabeled DIP-thrombin (Fig. 3) indicate that the vascular bed can bind DIP-thrombin and that the binding sites are in direct contact with circulating DIPthrombin, i.e., that they are on the endothelial cell surface. High-affinity binding is demonstrated by measuring the amount of DIP-thrombin cleared (i.e., bound) and the amount circulating (i.e., free) over several concentrations of DIP-thrombin (Fig. 4A) , and then plotting the data according to the method of Scatchard (9) (Fig. 4B) . We interpret these data as the result of two classes of binding sites. However, other causes of a concave upward curvilinear Scatchard plot (14) are not excluded. It does remain that at low concentrations of DIP-thrombin, high-affinity binding is seen. The dissociation constant and concentration of binding sites calculated for this process are -10 and 70 nM, respectively. These calculations are valid only if (a) the system equilibrates rapidly with respect to the elimination phase, (b) binding is reversible, and (c) the DIP-thrombin remains intact throughout the time-course of the experiment. Analysis by SDS-PAGRE of plasma samples taken 10 min after injection of DIP-'251-thrombin resulted in 100% recovery of radioactivity on the gel and predominantly in the peak of a-thrombin, indicating the DIP-thrombin remains intact (Fig. 2) .
Reversibility of DIP-thrombin binding was shown by chasing a small dose of DIP-125I-thrombin with 0.5 mg of unlabeled DIP-thrombin at 2 and 10 min. In both cases -30% of the injected radioactivity returned to the circulation (Fig. 3) . This amount of reversibility is predicted by the two-site binding model. All of the bound counts do not return to the circulation because after injection ofthe relatively large dose ofDIP-thrombin, the system re-equilibrates with significant binding to the low-affinity binding sites. Also, there is some re-equilibration of DIP-_251-thrombin with the high-affinity sites that the 0.5-mg dose of DIP-thrombin does not completely saturate. These relationships are discussed quantitatively in the Appendix.
There The clearance of the radioactivity associated with active thrombin is slower (Fig. 1) and specific for the liver (Table I ). In addition, it is associated with the formation of an apparently covalent, active site-specific high molecular weight complex. This radioactive complex forms in vitro at a much faster rate when heparin is added. This finding, along with the observation that the complex comigrates with purified thrombin-human antithrombin III on SDS polyacrylamide gels, and the knowledge that antithrombin III is the major inhibitor of thrombin in plasma (16) , strongly support the conclusion that the high molecular weight complex is thrombin-antithrombin III complex.
The most interesting observation regarding the complex is that it forms much faster in vivo than in vitro. The in vitro formation of the complex has a half-life of formation of about 45 s (Fig. 5, open circles) , which is similar to the half-life of thrombin in a physiological concentration of purified antithrombin III (17) . On the other hand, the in vivo formation of complex is complete by the time of initial sampling (Fig. 5, closed circles) . This raises the hypothesis that the difference between in vivo and in vitro rates of thrombin-antithrombin III complex formation is due to the binding of thrombin to the high-affinity binding sites, which then catalyze the thrombin-antithrombin III reaction. This is supported by the finding that a 2-mg dose of unlabeled DIP-thrombin inhibits the rate of the thrombin-antithrombin reaction in vivo (Fig. 5, closed squares) but does not inhibit the in vitro rate (Fig. 5, open squares) . The concentration of 1251-thrombin in vitro was approximately equal to the initial in vivo concentration (Fig. 5,  legend) . The excess DIP-thrombin dos not inhibit the extent ofthe reaction however. This would be expected if unlabeled DIP-thrombin behaves as a competitive inhibitor ofthe binding-site catalyzed reaction, in much the same way as an enzyme-inhibitor reaction, where the rate of the reaction, but not the extent is inhibited.
An attractive possibility is that a heparin-like substance present on the endothelial cell surface is responsible for the binding of thrombin and catalysis of the thrombin-ATIII reaction. Among the small family of sulfated glycans known to catalyze the thrombin-ATIII reaction, heparan sulfate has been found in large quantities on cultured endothelial cells (18) . Thrombin has been shown to bind to heparin with high affinity (KD = 1-100 nM), although the binding characteristics have been only partially delineated (19) (20) (21) . It has been shown that thrombin must bind to heparin for the accelerated reaction to occur (19, 20, (22) (23) (24) (25) (26) ; furthermore, as with the in vivo reaction, active siteblocked thrombin inhibits the heparin-accelerated reaction, but not the heparin-independent rate (27) .
Whether endothelium plays a general role in the clearance and inactivation of other clotting factors is an interesting possibility. If the high-affinity binding sites are due to a heparinoid, then other clotting factors that interact with heparin, such as Factors IX, X, XI, and plasmin, may be cleared by this mechanism. Also one may wonder whether deficiencies or inhibitors of the endothelial cell binding sites play a role in the pathogenesis of thrombotic disorders.
APPENDIX
We now may derive an expression predicting the amount of a small dose of radioactive ligand returned to the circulation after the injection of a large dose of unlabeled ligand, assumiling two classes of binding sites exist for the ligand. After the injection of a large dose of unlabeled ligand, the system will relax toward a new equilibrium that now involves significant binding of ligand by the low-affinity, high capacity sites. Also, to the extent that the high-affinity, low capacity sites are not saturated, there will be some rebinding of radioactive ligand to the high-affinity sites.
The problem is to calculate the amount of free ligand (F) relative to the total ligand (Lo) in the system because this will represent the fraction of free ligand, and therefore the fraction of free radioactivity, when the new equilibrium is reached.
From 
where Rol, R(,, and KD,, K,D refer to the concentratioin ofbinding sites and dissociation constants of' the high-and low-affinity sites, respectively. Since the low-affinity sites are nonsaturable unider the coniditionis used, F < KD2 and RoB,F B2 = KD., 
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